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Methods of Observing Thrombosis in vitro
By J. C. F. POOLE, D.M.
Oxford THE Greek word Upo,i4po means a lump, piece or clot in the most general sense. However, it is necessary to make a distinction between a clot which develops in vitro and a thrombus that forms in vivo because microscopically these two structures are quite different. Fig. 1 shows the elaborate structure, with areas of pale amorphous material fringed by leucocytes and interspersed with areas of red cells, that is found in a typical thrombus from a patient who died of pulmonary embolism. The _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... pale amorphous material is derived from agglutinated platelets, but this is not obvious from the appearance of the section although it has generally been assumed to be the case and confirmatory evidence is given below. In short, a thrombus consists of masses of agglutinated platelets, the platelet masses being fringed by leucocytes, and arranged in a sort of loose coralline structure, the interstices of which are filled with red cells and, as can be shown by appropriate staining methods, fibrin. Fig. 2 shows a blood clot with an entirely different appearance. All the blood cells, including the platelets, are distributed at random and none is agglutinated. In a more highly magnified field ( Fig. 3 ) a platelet can be seen with various processes coming out of it, but it is a single platelet and not part of a clump.
Thus a clot and a thrombus are very different. In fact the structure of a thrombus may be even more complicated, and frequently two quite well demarcated regions can be made out known as the "white head" and the "red tail". The "white head" has the composition already described of platelet and leucocyte masses, whereas the "red tail" is composed mainly of red cells and fibrin. The "red tail" in fact forms an extension of the red cell and fibrin regions in the "white head" which fill the interstices between the platelet and leucocyte masses, and has a structure not unlike but not quite the same as that of a clot.
Because of these structural differences it is obvious on purely morphological grounds that there can be no guarantee that factors affecting the size and speed of growth of thrombi will be accurately revealed by studies of blood clotting. Consequently there is a great need for experimental techniques to bridge the gap in our knowledge between these phenomena. In the past various techniques have been used. Shionoya (1927) and Best et al. (1938) produced arteriovenous shunts in experimental animals, and showed that a structure with the histological appearances of a thrombus was formed. Mason and Harrison (1949) poured heparinized blood down a long glass tube with a side-arm plugged with absorbent material soaked in tissue extract. Again, something not unlike a thrombus was formed. Chandler (1958) made an important advance when he mounted a closed-circular loop of plastic tubing partially filled with blood on a rotating turntable, so that the blood flowed round the loop. When the blood solidified part of it had a histological structure closely resembling a thrombus. Chandler's work has been confirmed in the present study and if the ends of the tubing are joined together so as to produce Under these circumstances the blood does not clot at all, in the sense that it never completely solidifies. Instead, a small solid body forms just behind the advancing edge of the column of blood and this floats round with the blood for an indefinite period. Microscopically it is composed of two parts which correspond closely to the "white head" and "red tail" of a natural thrombus. The "white head" is composed of agglutinated platelets, or material derived from platelets, surrounded by leucocytes, and the "red tail" is made up mainly of red cells and fibrin' Fig. 4 , a section through the "white head" of one of these artificial thrombi, shows masses of platelet material surrounded by leucocytes and red cells in the interstices of the structure. Because something very like a natural thrombus is formed by this technique, the sequence of events leading up to the formation of these artificial thrombi has been studied. If, after about one minute, the blood that has flowed round the tube is poured into a glass test tube, it clots quite rapidly and sections cut through this clot show single clumps of the amorphous platelet material with a covering of leucocytes (Fig. 5) . These primary clumps then stick together in small groups as can be seen at a slightly later stage. Still later all such clumps unite to form a single loosely-packed structure which is the "white "head" of the artificial thrombus. No further change takes place for several minutes and then, quite suddenly, the "red tail" of fibrin and red cells appears. This is fully formed in a matter of seconds and no obvious further change takes place.
There is another method of studying the initial stages in the formation of these artificial thrombi which has certain advantages. Since no detectable difference was found when freshly drawn blood or recalcified citrated blood was used, it was a natural step to discover what happened with cell-rich plasma obtained by allowing citrated blood to sediment: i.e. plasma from which the red cells had been removed but containing all the other formed elements of the blood. With such cell-rich plasma a "white head" is formed which looks just like the "white head" formed when whole blood is used and the main difference is that instead of a red tail made up of fibrin and red cells there is a tail formed of fibrin only.
With cell-rich plasma, the initial stages in the formation of the artificial thrombus can be studied in another way. Instead of pouring the material from the loop of plastic tubing into a glass test-tube and letting it clot as a solid lump, it can be poured over a glass slide and allowed to clot as a thin film which is then stained like a blood film. Fig. 6 is a low-power view of such a preparation. Two of the primary clumps are seen plus a structure which appears to have been formed by three of these clumps sticking together. At a higher magnification (Fig. 7) it is obvious that these clumps are made up of platelets and leucocytes. Evidently something in the process of fixing and embedding the specimens for histological examination breaks up the platelets into a structureless mass as in Figs. 4 and 5. By gently squashing such clumps, preparations can be made in which the cellular composition can be observed easily (Fig. 8) .
By looking at a large number of squashed clumps and fragments of squashed clumps (Fig. 9 ) it has been possible to establish that platelets, monocytes and granulocytes of all three kinds are incorporated in these clumps, whereas lymphocytes and red cells are not.
Thus, the stages in the formation of these artificial thrombi appear to be as follows. First, platelets, polymorphs and monocytes stick together to form small round clumps with the platelets inside and the leucocytes on the surface. Second, these clumps coalesce to form a single loosely-packed structure which we may provisionally call the "white head" of the artificial thrombus. Third, after an interval, fibrin forms round the "white head", in its interstices and streaming out behind it; if red cells are present, many of them are trapped in the fibrin network forming a "red tail". Two events in this sequence can be timed with reasonable precision. One is the first appearance of platelet and leucocyte clumps. The other is the first appearance of fibrin. A point which may be of some significance in understanding the mechanism of thrombosis is that the times at which these two events-cellular clumping and fibrin formationoccur, can be varied independently. By adding heparin to the blood or plasma in increasing concentrations, the formation of fibrin is delayed and may be suppressed altogether. But even with concentrations of heparin as high as 3 units per ml, the cellular clumps appear at the normal time and go on to form a "white head" of normal appearance. Similar results were obtained with a coagulation defect produced in vivo-the prothrombin deficiency which can be induced in animals by feeding excess vitamin A (Harris and Moore, 1928; Light et al., 1944; Walker et al., 1947; Poole, 1958) . Again cellular agglutination was not delayed but fibrin formation was. This is a promising experimental system which may help us to explore the borderland between clotting and thrombosis, because the observations made with blood in vitro produce objects the microscopical structure of which closely resembles that of a thrombus in vivo.
